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Hyperthyroidism: A Secondary Cause of
Isolated Systolic Hypertension

L. Michael Prisant, MD;! Jaspal S. Guijral, MBBS;? Anthony L. Mulloy, DO?®

Isolated systolic hypertension is the most common
form of hypertension, especially among patients 50
years or older. What is not appreciated is that there
are secondary causes of isolated systolic hyperten-
sion. Hyperthyroidism increases systolic blood
pressure by decreasing systemic vascular resistance,
increasing heart rate, and raising cardiac output.
Potential cardiovascular consequences of hyperthy-
roidism include atrial arrbythmias (especially atrial
fibrillation), pulmonary hypertension, left ventricu-
lar bypertrophy, and heart failure. The prevalence of
hypertension is greater among hyperthyroid patients
than euthyroid patients. Whether there is a blunted
nocturnal decline in ambulatory blood pressure
among hyperthyroid patients is more controversial.
Treatment is associated with a reduction in systolic
blood pressure, heart rate, and cardiac output.
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solated systolic hypertension (>140/<90 mm

Hg) is the most common form of hypertension.!
The treatment of systolic blood pressure (SBP)
has received increasing attention over the past
10 years because of its impact on coronary heart
disease, stroke, heart failure, end-stage renal dis-
ease, and total mortality.” Two trials, the Systolic
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Hypertension in the Elderly Program (SHEP)? and
the Systolic Hypertension in Europe (Syst-Eur)
tria,* have documented cardiovascular benefits
for lowering blood pressure (BP) in patients with
isolated systolic hypertension. The increase in SBP
occurs with aging and is associated with loss of the
elastic properties of the aorta.'»>® This amplifies
SBP and reduces diastolic BP.”

What is not appreciated is that there are sec-
ondary causes of isolated systolic hypertension.
These include anemia, aortic insufficiency, Paget’s
disease, beriberi, and hyperthyroidism (Figure 1).
They all share a common mechanism of an increase
in cardiac output.

EFFECT OF THYROID HORMONE ON THE
CARDIOVASCULAR SYSTEM

Triiodothyronine (T;) is the active form of thyroid
hormone.? It is produced in the liver by 5’-monode-
iodination of thyroxine (T,) that is synthesized by the
thyroid gland.” T, affects the basal metabolic rate by
altering oxygen consumption in peripheral tissues,
metabolic demands, and tissue thermogenesis.

In hyperthyroidism, T, dilates resistance arte-
rioles, reducing systemic vascular resistance by
300-1000 dynes.sececm™. The decline in systemic
vascular resistance stimulates renin release and
sodium reabsorption, resulting in an expansion of
blood volume by 5.5% and an increase in venous
return to the heart.'® Erythropoietin stimulation
also contributes to blood volume. Heart rate and
cardiac contractility are also changed with hyper-
thyroidism. Heart rate is raised by 4-58 bpm and
is present at rest and during sleep. Cardiac output
is increased by >1 L/min and may be up to 300%
higher in patients with hyperthyroidism than in
patients without the condition. The net effect of

these hemodynamic changes is a rise in SBP and
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a widening of pulse pressure. Arterial stiffness is
increased.!! Other potential cardiovascular conse-
quences of hyperthyroidism include atrial arrhyth-
mias (especially atrial fibrillation'?), pulmonary
hypertension,'3 left ventricular hypertrophy,'* and
heart failure.%!3

EFFECT OF HYPERTHYROIDISM ON
HORMONAL FACTORS

As previously noted, both renin and erythropoietin
production is stimulated and enlarge blood volume.
Because of the clinical manifestations of hyperthy-
roidism, it is surprising that catecholamines are
normal or decreased. However, atrial natriuretic
peptide, brain natriuretic peptide, endothelin-1,
and the vasodilating polypeptide adrenomedullin
are higher in hyperthyroidism.3

HYPERTENSION AND HYPERTHYROIDISM
An increase in diastolic BP is uncommon in

Figure 1. Graves’ disease. A 57-year-old man whose
blood pressure had been controlled on verapamil sus-
tained-release 240 mg b.i.d. presented with a history of
weight loss and tremulousness. His blood pressure was
159/80 mm Hg and his heart rate was 100 bpm. His
laboratory values included thyroxine 21.5 ug/dL (nor-
mal, 5.0-9.0 ug/dL), triiodothyronine radioimmunoas-
say 241 ng/dL (110-200 ng/dL), and sensitive thyroid-
stimulating hormone <0.1 IU/mL (0.6-4.6 1U/mL).

hyperthyroidism because of the reduction in sys- : :
temic vascular resistance. It is estimated that the e MIBpergs
prevalence of hypertension with thyrotoxicosis is 60%

20-30%; however, there are limited data to be cer- 50% 1

tain that this statistic is accurate since hypertension g 0% "

is a highly prevalent condition. In 1931, a study of T 30% -

458 hyperthyroid patients observed a prevalence £ 20% 1 % .

of 26% using an SBP of >150 mm Hg.'® A report Lo

by Japanese investigators who compared 321 Sk

hyperthyroid patients with 324 euthyroid subjects Aol EG E dsl R
reported a higher SBP with hyperthyroidism for Age G

each decade between 20 and 59 years of age.!” A
subsequent study by the same investigators evalu-
ated 446 untreated hyperthyroid and 549 euthy-
roid patients.'® The prevalence of hypertension
was significantly higher in hyperthyroid patients
who were 20-49 years of age (Figure 2).

Polish researchers examined 51 untreated hyper-
thyroid study participants and 30 healthy controls
younger than 50.' SBP was significantly higher
(p<0.001) and diastolic BP significantly lower
(p<0.01) in the hyperthyroid cohort (132/72 mm
Hg) than the normal individuals (115/79 mm Hg).
Furthermore, among the hyperthyroid subjects, car-
diac output was 3.38 L/min higher (p<0.001) and
total peripheral resistance was 632 dynes.sececm™
lower (p<0.001). After treatment of hyperthyroid-
ism, SBP and cardiac output declined and total
peripheral resistance diastolic blood increased.
Other researchers have reported a similar decline
in SBP and heart rate (Figure 3).'7

A blunted nocturnal decline in ambulatory BP is
associated with increased target organ damage and
mortality.?’ Whether there is a blunted nocturnal
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Figure 2. Prevalence of hypertension in 594 euthy-
roid and 446 hyperthyroid patients. The prevalence
of hypertension was significantly higher in patients
younger than 50 years of age. *p<0.05. Reproduced
with permission from Endocrinol Metab Clin North
Am. 1994;23:379-386.18

decline in BP with hyperthyroid patients is contro-
versial. A German study measured 24-hour ambu-
latory BP in 176 normotensive, 460 mild-to-mod-
erate hypertensive, and 14 hyperthyroid patients.?!
The day/night change in BP was similar between
normotensive (—14/~13 mm Hg) and hypertensive
(-15/-14 mm Hg) study participants, but was sig-
nificantly less among hyperthyroid patients (—6/-8
mm Hg; p<0.05). Another study compared 20
normotensive hyperthyroid and 15 healthy euthy-
roid patients using ambulatory BP monitoring.?>
Hyperthyroidism was due to Graves’ disease in all
but one patient. The 24-hour SBP and heart rate
were significantly higher in hyperthyroid subjects
(125.3 mm Hg and 87.8 bpm, respectively) than
euthyroid subjects (115.2 mm Hg and 72.4 bpm,
respectively). Both daytime and nocturnal SBP and
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Figure 3. Change in systolic blood pressure and heart
rate in 321 hyperthyroid patients treated with anti-
thyroid drugs, radioactive iodine, or subtotal thy-
roidectomy. Systolic blood pressure and heart rate
decreased with treatment of hyperthyroidism, but
there was a greater reduction in both parameters in
younger patients. Data derived from ] Am Geriatr Soc.
1985;33:19-22.17

heart rate were higher among the hyperthyroid
cohort. However, there was no significant differ-
ence between the groups for the mean nocturnal
fall in BP or heart rate. After control of thyroid
function, weight increased 5.7 kg, 24-hour SBP
declined 5.1 mm Hg, and 24-hour heart rate
dropped 15.2 bpm. Spanish investigators used thy-
rotropin-suppressive doses of thyroxine in patients
with differentiated thyroid cancer.?®> They studied
12 thyroid cancer patients and 16 control subjects
with ambulatory BP. There were more nondippers
among the treated cancer patients than the control
patients (58.3% vs. 6.3%; p<0.05).

DIAGNOSIS
The clinical symptoms of hyperthyroidism may
include palpitations, nervousness, sweating, weight
loss with normal or increased appetite, frequent
bowel movements, heat intolerance, and insom-
nia. Typical physical findings consist of tachycar-
dia; atrial arrhythmias, including atrial fibrilla-
tion; widened pulse pressure; hand tremors; eyelid
retraction; conjunctival injection; exophthalmos
(Figure 1); and infiltrative dermopathy. In the
elderly, many of the usual manifestations of thy-
rotoxicosis are absent, and tachyarrhythmias and
weight loss may be the only abnormality. This is
termed as apathetic or masked hyperthyroidism.
A low or undetectable thyroid-stimulating hor-
mone and elevated free T, levels are usually pres-
ent. Total serum T, levels are dependent on thy-
roxine-binding globulin; therefore, free T,, which

represents the metabolically active fraction, is a
better measurement. If the free T, level is normal,
then the free T, level is measured to exclude T, thy-
rotoxicosis, which accounts for a small percentage
of hyperthyroid cases. Thyroidal radioactive iodine
uptake and scan are performed in vivo to directly
assess the level of the gland activity and integrity of
hormone biosynthesis. Radioactive iodine uptake
is increased in Graves’ disease, apathetic hyperthy-
roidism, toxic multinodular goiter, and toxic ade-
noma. Low radioactive iodine uptake, as seen in
subacute thyroiditis, indicates thyrotoxicosis in the
absence of hyperthyroidism. In subacute thyroid-
itis, the gland is usually painful but not overactive;
rather, it is injured and leaks thyroid hormones
into the blood stream. Radioactive iodine uptake is
also decreased in factitious thyrotoxicosis. Patients
with low thyroid-stimulating hormone, but nor-
mal free T, and T} levels, are classified as having
subclinical hyperthyroidism, an early stage of
hyperthyroidism. These patients are still at risk for
cardiac complications including atrial fibrillation
and left ventricular hypertrophy.

Treatment of hyperthyroidism is aimed at
decreasing the synthesis and release of thyroid
hormones by antithyroid medications, radioac-
tive iodine ablation, or surgical thyroidectomy.
Beta blockers are effective in blocking peripheral
manifestations of the thyroid hormone excess. A
nonselective B blocker is given to block tachycardia
and tremor.?*

SUMMARY

A common cause of isolated systolic hypertension
is hyperthyroidism. In hyperthyroidism, T, dilates
resistance arterioles, reducing systemic vascular
resistance, and increases cardiac output and pulse
pressure. Hypertension appears to be more com-
mon among hyperthyroid patients. Treatment nar-
rows the pulse pressure, decreases heart rate, and
reduces cardiac output.
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